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Abstracl

‘1’his p a p e r  will  prcmnt an a l t e rna t ive  me thod  for pe r fo rming  board  level
simulations of designs involving microprocessors. ~’his tcchniquc  makes  U S C.
o f  o n l y  a  s t a n d a r d  “ C ”  c o m p i l e r  a n d  s i m p l e  simulation  l ibrary functions  ICI
perform accuralc  board  level simulations. I’his tcxhniquc  was used to s i m u l a t e .
t h e  lIIM 1 7 5 0  b a s e d  pmccssor t h a t  inlcrfacc(i  10 t he  ASICS t h a t  a r c  b e i n g
dcvclopcd  for the CA SSINI  s p a c e c r a f t . Convcnlicmal  prmcssor  nlodclilig
Icchniqucs iIIvo]v C the U S C of ha rdware  mode l ing or cxtcnsivc b e h a v i o r a l
models  of the microprocessor. ‘1’hcsc lc.chniqucs  a r c  cxpcnsivc  i n  1)0111 COSI

a n d  rcsourccs  r e q u i r e d .



Summary

W h e n  d e v e l o p i n g  ASICS that inlcrfacc  to mic roprocessor s ,  i t  i s  des i r e .d  10
perform a board  lCVC1 s imulat ion Ihat shows that the ASICS under dcvc.topmcnt
w i l l  f u n c t i o n  a t  t h e  systcm  lCVC1. ‘1’his requires a s imulat ion model  of  Ihc
prmcssor. Th i s  mode l  can  bc inlplmcntcd  using onc of the fo l lowing  mclhods:

1). }Iardwarc M o d e l i n g
2). Behavioral  Model of  Processor (sof[warc  - V}l D1.)
3 ) .  I]US lCVC1 rnodcl of p r o c e s s o r .

1 will start by briefly describing lhc firsl two methods. ‘1’hc third method, Ihc
bus lCVCI model of the processor will lhcn bc discussed in detail.

T h e  h a r d w a r e  m o d e l i n g  tcchniquc  can  va ry  f rom us ing  the  r ea l  pmccssor,
wi th  a  discrctc  logic  or l:PCiA  i]]~])lc]]lclltatio]]  of the ASIC,  to u s i n g  a  h a r d w a r e
modeling library, similar to the Mentor I] Ml,. ~]oth Of thCSC methods USC thC
actual microprocessor to perform lhc s imulat ion. Al though  th i s  technicluc  is
quilt accurate, i t  is  very cxpcnsivc.

When using a  s o f t w a r e  m o d e . 1  of the mic.roproccssor  a  model  is  dcvc.topcd
which will simulalc  t h e  m i c r o p r o c e s s o r in every m o d e  of ope ra t ion , i.e..
i n s t r u c t i o n  f e t c h ,  cxcculc, prcfctching  o f  i n s t r u c t i o n s ,  c c t . All internal
rc.gistcrs and intcraciions need to bc m o d e l e d . ‘l$hc soflwarc  t h a t  n e e d s  to bc
dcvclopcd  can bc qu i t e  cxtcnsivc. ‘1’his Icchniquc  i s  a l so  qu i l t  cxpcnsivc.

‘J’hc two  t echn iques  just dcscribcd, all model (I]c microprocessor down at least
to the. register ICVCI. Both rely on native code being prcscntcd  to il. Assuming
()]IC i s  s i m u l a t i n g  a  8086 based  systcm on a s imulator  running on a  SIJN
workstation, onc  wou ld  need  a  8086  c ross  compi le r  tha t  runs  on  the  SIJN
workstat ion in order  to perform Ihc board  s imula t ion . ‘1’hc 8086 t e s t  so f tware
w o u l d  bc compi le .d  and  l inked  on the SIJN. ‘1’hc.  resul t ing cxccutab]c  i m a g e
would then bc loaded into the simulator, perhaps by s[oring  it in a RON4 model .
‘1’his i s  a  ve ry  t ime  consuming  procc.ss. ]n addit ion the processor  wil l  bc
rc.J)catcdly  fetching code from memory. An interaction which when shown to
work once in the simulat ion,  need not  bc rcpcatcd. Another drawback is that
once the processor fctchcs d a t a  o f  a n  u n k n o w n  v a l u e ,  f o r  w h a t  cvc.r t h e
reason, the entire simulation is likely to bc corrupted.

‘1’hc tcchniquc  t h a t  i s  to bc dcscribc.d, m a k e s  usc of the fact  that  when tcsling
o u t  w h e t h e r  a n  ASIC  w i l l  w o r k  i n  t h e  systcnl,  the d e s i g n e r  i s  conccrncd
main ly  wi th  whe the r  the .  ASIC  under dcvclopmcnt  will interact corrcct]y  wi th
Ihc microprocessor and other dc.vices, no t  i n  deve lop ing  code  or a cxmplicatcd
processor model.

The ,  bas ic  dcvclopmcnt  flow is shown in F’igurc  1. Test vectors arc produced
us ing  a “c” l anguage  Icst file w h i c h  w h e n  r u n  o n the simulators host
computer, wi l l  pmducc  tcsl vec to r s  thal c a n bc app]icd to the simulator, llsing
simutator  commands these vectors manipulate the pins of the  p rocesso r  in
s u c h  a  w a y  a s  to simutatc  its opc.ration  in Ibc syslcm. lJsing  a simulator system
call ,  the vectors can also check for proper opcralion. Jior example on a read
c y c l e  IIIC Ics[ vec to r s  can ICS[ that pmpcr daia h a s  b e e n  r e a d  b a c k . An error
message  can  be prin[cd if the daia read is not what is cxpcctcd  .



As an example, suppose wc want  10 s imula te  a  pmccssor  will]  a vc.ry p r o t o c o l
b u s  schmc as illuslralcd  in f igu re  2  and  3, and dcscribcd  as fol lows.

Write Cycle
Address and Data arc put on (o the bus.

i]: The signal ADVn is asscr[cd.
3). Wait for slave. to asscrl llTACKn.
4). Dcasscrt  ADVn.
5). Remove. Address and Ilata.
6). Wai t  fo r  IY1’ACKn  to bc dcasscrlcd.

Read Cycle
1). Address is put on to the bus.
2 ) .  ‘I%c signal Al)Vn  i s  asscr[cd.
3).  Wail for slave. to asscr[  1)1’ACKn.
4). Sample Data lines.
5). l>casscr[  A1lVn.
6). Remove Address and l)ata.
7 ) .  Wai t  fo r  IYI’ACKn to bc dcasscrmi.

‘Iwo basic routines need to bc written, onc to simulate a read cycle and onc to
simulalc  the wrilc  cyc le . ‘1’hc read routine is caltcd with the address of the dala
byIc 10 bc read,  and Ihc value that is to bc cxpcclcd.  W h e n  cxccutcd,  i f  the data
read is  different  then whal is cxpcctcd, an error message will bc printed in the
simulator  lisl window. ‘l’his  is  handled by the routine check.  output . “1’hc
routine, check..output is a simulator specific macro that compares a signal to a
c.xpcctc.d value,  and wi l l  p r in t  an  e r ro r  message  i f  va lues  compared  a rc  no t
equal. q’hc w r i t e  r o u t i n e  i s  c a l l e d  w i t h  t h e  adcircss of the  da ta  by te  to bc
writtc.n  and  the  da ta  va]uc.

writc(addrcss,  data- cxpcctcd)
unsigned i n t  addrcss,data.  cxpc.ctcd;
{

printf(’’forc.c AllDR1iSS  %xhl,addrcss);
print f(’’run %d\n’’, TSlirJ’)
printf(’’forcc AI>Vn O);
printf(’’force  WRn O ) ;
printf(’’brcak lJrl’ACKn O);
printf(’’chcck- ot]t]~tlt(llArI’A,  data.  cxpcctcd)\n”);
pr in t f ( ’ ’ fo rcc  WRn 1);
printf(’’forcc AIJVn 1);
p r in t  f(’’run %,d\n’’,rl’l  lOl.ll)
print f(’’forgct fo rce  AI) I> RIiSS N));
p]int  f(’’forgcl f o r c e  I> A’I’A N]);

)

rcad(addrcss,  data)
unsigned int address, data;
{

prinif(’’forcc AI> I> R1;SS %xk~,addrcss);
p r in t f ( ’ ’ fo rcc  DA’1’A %xkl,addrcss);
print f(’’run %dh]’’,TSl;T)
printf(’’forcc Rlln O);
printf(’’forcc AIJVn O);



IJ1-illtf(’’brcak 117’ACKn O);
check. out  JJut(I)Arl’A,  ctata. c.xpc.clcci);
p r in l f ( ’ ’ fo rcc  Rl]n  1);
prinlf(’’forcc AIJVn 1);
p r in t  f(’’run %dh]’’,rl’l  l[)l,l))
printf(’’forgct force Al>lJRliSS  /n);

)

We c a n  n o w  usc tbc a b o v e  roulincs  to simulalc  lhc pmccssor  i n t e r f a c i n g  w i t h
t h e  r e s t  of the systcm. lnslruclion  fc.lchcs  c a n  bc. simulalcd  b y  rcaciing  f r o m
ROM or RAM memory spaces. ASIC  func t iona l i ty  can bc. tested  by wri t ing to
AS](: rc~istcrs  and r e a d i n g  b a c k  Ihc cxpcctcd  rcsu]ts.

As an example, wc can usc the  rou t ines  ju s t  (icscribcct,  to Icst a block of ASIC
rc.gistcrs that arc both readable and writcablc.. Wc can write a simple loop to
perform this  func[ion  as fol lows.

. . . . .
for (addr = S’I’AR’I’. B1.WK; addr

write. (addr, J’A”l’’J’l:RN);
rcad(addr,I’A”l’rl’Iil<  N);

)
. . . . .

<= S’l’O1)_  1)1 .WK, a(idr+ -t)

‘1’his roulinc  is quite simple. ‘1’hc same rou[inc that is dcvclopc(i to test the ASIC
i n  t h e  s i m u l a t e d  cnvironrncnt  can  bc a l so  usc(i to  test  the ASIC  in ihc r e a l
systcm  af[cr  t h e  ASIC  i s  fahricatcd. ‘1’his is made possible bccausc tile. “C”
l a n g u a g e  i s  porlab]c  f r o m  syslcm  10 syslcm. If  on the mhcr hand ,  the  t e s t
vectors were written in a simulator s p e c i f i c  ]anguagc,  Ihc t e s t  v e c t o r s
dcvclopcd  will have little LJSC outside the simulalor.

I f  wc  were  to do the  same  th ing  us ing  a  bcilavioral  mmicl of the procc.ssor, w c
would first have to compile ~hc code. ‘1’hc co~ic w o u l d  h a v e  t o  bc Ioadcd in lbc
simulation some, how. ‘1’hc  s i m u l a t o r  w o u l d  t h e n  bc. told 10 r u n . Correct
opc.ra!ion w o u l d  mosi l i ke ly  bc
performed Read cycles, a very

Conclusion

verif ied by ]Iand, by  examin ing  t r aces  of tbc
t ime consuming and crmr prone process.

‘1’his tcchniquc  f o r  s i m u l a t i n g  microproc.cssors is quite simple and elegant and
incxpcnsivc. ‘J’his  mclhod  frees the user from developing code native to the.
targcl processor  thus al lowing the user 10 c o n c e n t r a t e  on the task at  hand;
vc.rifying  t h a t  t h e .  ASl~ Ul)dCr dc.vclopmcnt  wiil intc. racl corrcclly With I}lc,
rcsl o f  lhc systcm.

l{(’fcr(’nc  (’s

[1] Zainalabcdin  Navabi,  “llsing  Vlll)l, for Modeling and Design of Processing
Unils”, ~~ifth A n n u a l  .Ilill.. lllc~!~~tic~!~al.  _  ASIC (:onfcrcncc.  and li,xilihit,
Sc.ptcmbcr  ?1 -?5, 1 99?.
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